We examined data on the mass, area and myocardial abnormality (scar or infarction) of the right ventricular free wall (RVFW) from 1500 consecutive dissections of hearts that came to autopsy. There were 447 hearts with associated coronary and ischemic heart disease (CAD) and 826 without CAD. RVFW mass was used as an index of hypertrophy (RVH) and RVFW area was used as an Index of dilatation (RVD). In both groups of hearts, RVH and RVD were strongly correlated and can be properly referred to as one entity: right ventricular enlargement (RVE). Right ventricular infarction occurred both with and without RVE but rarely without CAD. Right ventricular infarction usually assumed an apical or basal pattern of distribution parallel to that of the adjacent left ventricular lesion.
ALTHOUGH it has been suggested that right ventricular dilatation can be distinguished from right ventricular hypertrophy on pathologic, if not on clinical, grounds,' there is experimental evidence that an increase in muscle mass follows an increase in hemodynamic load within hours.2' Because distinguishing the surface electrical signs of increased cavity size from those of increased wall thickness is difficult,4 5 a more inclusive term, right ventricular enlargement,6 has been proposed. It would be clinically useful, however, to know if increased right ventricular mass (as an expression of hypertrophy) and increased cavity size (as an expression of dilatation) are dissociated and distinguishable.
We examined a large number of postmortem dissections of the heart to answer the following questions: How close is the relationship between right ventricular free wall mass and right ventricular free wall area in hearts of patients coming to autopsy? Does coronary disease alter the relationship? Does the presence of right ventricular enlargement (either hypertrophy or increased cavity size) influence the occurrence of right ventricular infarction?
Methods
The method of gross dissection postmortem has been reported.7 0 In brief, in 1500 consecutive hearts of patients coming to autopsy, we sectioned the coronary arteries at 5-mm intervals and diagrammed in cross section the sites of luminal encroachment. Each coronary artery was divided into proximal, middle and distal segments, but we focused our attention on the proximal segment. For the right coronary artery, the proximal segment was considered to extend from the right coronary ostium to the bifurcation of the acute marginal branch; for the left anterior descending artery, from the orifice to the branching of the first diagonal (or first septal perforator in the infrequent instances of an independent origin of the first diagonal from the left main coronary artery); and for the left circumflex artery, from the orifice to the origin of the first marginal branch at the obtuse margin. Coronary scores were derived using a modified Friesinger coronary artery score'0: 0 for no lesion, 1 for 1-50% reduction in cross-sectional area, 2 for 51-75%, 3 for 76-95%, 4 for 96-99% and 5 for total occlusion.
We dissected the right ventricular free wall from its atrial, septal and valve ring attachments and carefully removed epicardial fat. The right ventricular free wall was then flattened out (endocardial surface down) and its perimeter traced onto paper for area determination by planimetry. Finally, the wall was weighed.
The left ventricle, including the septum, was similarly weighed after removal of atrial and valvular attachments and epicardial fat. The left ventricle was then sectioned into three layers parallel to the epicardium from apex to base for examination for the presence of gross myocardial necrosis (infarction) or fibrosis (scar). Lesions of the left ventricular muscle were recorded diagrammatically ( fig. 1 ) according to the localizing landmarks for 15 myocardial anatomic zones. Each zone was considered as a fiveor six-sided polyhedral segment extending from endocardium to epicardium. The relative density of scar or infarction in the muscle volume of each zone was estimated on the scale of 1-9 for digitization, data retrieval and analysis. When two-thirds or more of the volume of the zone grossly appeared to be myocardial necrosis or fibrosis (i.e., rated 6 or higher), we considered "transmural" myocardial infarction to be present. The rare right ventricular free wall lesions were drawn on the outline of the unrolled right ventricular free wall. These data were filed with the respective clinical and digitized electrocardiographic data. septum were specified as to their occupancy of the 15 anatomically defined zones shown. Lesions of the right ventricle (R V) were drawn on the outline of the unrolled right ventricle as shown below. The landmarks the crista supraventricularis (CS) and crux (Cx), where the right ventricular free wall meets the septum on the inferior aspect of the tricuspid ring -delineate the "unrolling" process. Pattern A (from patient 11) was found in the five hearts in which the left ventricular lesions were located principally in zones I and 12-14, with special concentration in zones 1 and 13. Pattern B (from patient 6) was found in the eight hearts in which the left ventricular lesions were located mostly in zones 5, 9, 10 and 12-15 with, special concentration in zones 14 and 15.
Results
1273 of 1500 hearts: 826 without and 447 with myocardial fibrosis or necrosis. Figure 2 shows the linear regression between the area of the right free wall and its mass for subjects without myocardial scar or infarction; figure 3 shows the relationship for subjects with myocardial scar or necrosis. The mass and area correlations were similar, although the noninfarct group was larger and had a wider range of mass and area. We assumed that right ventricular hypertrophy was present when the right ventricular free wall weight exceeded 70 g, and that right ventricular dilatation was present when the right ventricular wall area exceeded 75 cm2. Eight of the hearts with right ventricular infarction showed both dilatation and hypertrophy, two showed either criterion, four had neither and one (missing from figure 3 ) had a right ventricular mass of 68 g, but the area was not recorded.
Anatomic Correlates of Right Ventricular Infarction
The data on coronary lesions in the 522 hearts with myocardial fibrosis or necrosis were examined; 67 hearts were excluded because of incomplete descriptions and six with significant coronary lesions confined strictly to the left main artery (in instances of left ventricular infarction without right ventricular infarction) were also excluded. Eleven of 15 instances of infarction of the right ventricular free wall were associated with occlusion or severe stenosis of the proximal right coronary artery. This frequency contrasts with that found in the 434 hearts with left ventricular infarction without right ventricular free wall infarction. The mean level of right coronary arterial narrowing for hearts with right ventricular free wall infarction was greater than 75% and significantly different from the lesser degree found in hearts without right ventricular infarction (table 1). Narrowing in the other major arteries was not significantly different for the two groups.
In the 13 hearts with right ventricular free wall infarction associated with left ventricular infarction, the right ventricular infarction was contiguous with left ventricular infarction, along the junction between its posteroinferior wall and the interventricular septum. The five hearts with a predominantly basal left ventricular infarction had a triangular lesion with one edge on the septal junction and the other along the tricuspid ring. The eight hearts with a more apical left ventricular infarction showed a different anatomic pattern, in that the second arm of the triangle ran along the lower part of the anterior junctions between right ventricle and left ventricle at the septum. The two remaining infarcts were more centrally located along the posteroseptal border and were not associated with contiguous left ventricular infarction. One resulted from occlusion of the right coronary artery by a shotgun pellet lodged 4 cm from the orifice, just before the artery turned near the crux to become the posterior descending bra'nch. The other was associated with a 1-crm scar in the lateral free wall of the left ventricle, well away from any right ventricular contact. There was no associated coronary occlusion: all three major vessels were large and patent, though showing some intimal plaque formation. The major arteries in their proximal portions only were scored according to the following scale: 0 = no lesion; 1 less than 50% luminal encroachment; 2 = 51-75%; 3 = 76-95%; 4 = 96-99%; 5total occlusion.
Abbreviations: RVIright ventricular infarction; LVI left ventricular infarction.
Electrocardiographic correlates within the month before autopsy were not remarkable: 10 patients had associated abnormally wide Q waves in leads 1II III, and aVF and two others had acute ST elevations in the inferior leads. There were nine instances of associated right precordial ST-segment elevation, three instances of "paradoxical" ST-segment depression in leads V, and V2, and one instance of "isolated" midprecordial (V8 and V,) ST-segment depression.
Discussion
The strong correlations between the mass and area of the right ventricular free wall (figs. 2 and 3) suggest that the experimental finding of rapid development of ventricular mass in response to ventricular load may apply to the clinical relationship between hypertrophy and dilatation. In the experimental animal, the process for increased DNA synthesis appears to be activated within 48 hours,2 S which implies that there may be very little lag time between dilatation and hypertrophy as responses to load. We chose total mass and surface' area as more objective and verifiable correlates of hypertrophy and dilatation than cavity size or wall thickness. We had real difficulty in reproducing our own results when we visually estimated the latter two indicators, in contrast to our ability to reproduce weight determination and planimetric area of the right ventricular free wall on repeated, blinded measurements.
Such events as isolated pulmonary embolism may put a sudden load on the right ventricle and increase its wall tension, with subsequent resolution before muscle mass has time to increase. We believe, however, on the basis of these data, that sustained right-sided loads sufficient to produce right ventricular dilatation (and therefore, increased free wall area) inevitably lead to increased right ventricular mass. This is certainly true of a population that has come to autopsy.4' Further, use of the term right ventricular enlargement to include the effects of both dilatation and hypertrophy seems to be both appropriate and explicit.
The range of right ventricular enlargement was not as wide in the patients with coronary disease as in those without coronary disease (compare figs. 2 and 3). Several factors may have contributed to this. White suggested that while left ventricular hypertrophy progresses slowly in coronary disease, it usually does not reach massive proportions, as in valvular disease.1' Thus, right ventricular enlargement secondary to left ventricular enlargement, as in hypertensive disease and nonischemic cardiomyopathy, was less common in the population shown in figure 3 than in that in figure 2. The correlations between right ventricular mass and left ventricular mass in these two populations were strikingly similar: the regression slope was y = 0.144x + 29.9 (r = 0.541) in the infarction group and y = 0. 128x + 33.9 (r = 0.536) in the noninfarction group. The latter group contained an off-regression scatter of patients who had 137 VOL 64, No 1, JULY 1981 chronic lung disease with large right ventricles and relatively small left ventricles, but there were not enough patients to alter the relationship. Because the noninfarction group also included patients who died of cancer rather than coronary disease there was a relatively greater number of small hearts in this group.
Roberts et al. ' 2 recently revived interest in the critical "geographic" localization of myocardial lesions so meticulously begun by Sayen et al.'3 and confirmed by others.7'-In a review of right ventricular infarction, Roberts and Isner' noted an absolute association with posteroseptal left ventricular infarction that we did not find. They also identified a relatively higher incidence of right ventricular infarction (14%) in association with transmural left ventricular myocardial infarctions. In our series, 211 infarctions were classified as transmural, and the incidence of right ventricular infarction was 7%. We carefully examined each right ventricular free wall grossly for the presence of infarction, but did not routinely perform histologic studies of the right ventricle. Therefore, instances that would have been detected by histologic examination were missed. We are otherwise unable to account for the difference in sampling; our figure approaches, however, the clinical estimate of 3% of patients (eight of 306) with suspected transmural infarction reported by Lorell et al.P' We are tempted to suggest that gross detectability of the lesion and clinical manifestations are parallel estimates of severity.
We wonder about the difference in classification of "transmural" lesions. By including hearts with necrosis or fibrosis interlaced with normal muscle, provided two-thirds of the total abnormal process was found in the wall-to-wall volume, we may have included a larger population of left ventricular transmural infarction from which to draw our samples. We do not believe a difference in dissection method accounts for the lower recognition rate in our series, because in dissecting the right ventricle free and tracing its area, we paid special attention to its septal connections and its overall appearance.
The fact that four of the 15 hearts with right ventricular infarction met neither the weight nor the area criterion for right ventricular enlargement indicates that enlargement of the right ventricle is not necessary for infarction of its free wall. We are reporting too few patients with right ventricular infarction to determine if the presence of enlargement increases the likelihood of infarction. When compared with the more obvious correlative finding of severe right coronary stenosis, the relative contribution of enlargement is not clear.
In conclusion, our findings indicate that right ventricular hypertrophy and dilatation were not dissociated, either clinically or anatomically, and their close relationship was not altered by the presence of coronary artery disease; right ventricular infarction may occur without right ventricular enlargement, and on rare occasions, without atherosclerotic coronary artery disease; and when associated with coronary disease and adjacent left ventricular infarction, the anatomic distribution of right ventricular infarction may assume either a basal or an apical predominance of its general inferoseptal localization.
